Summary: Pancreatojejunal sutural insufficiency occurring after pancreatoduodenectomy and countermeasures are discussed. In the Department of Surgery at Kurume University School of Medicine, 318 patients underwent pancreatoduodenectomies.
Introduction
Pancreatojejunostomy following pancreatoduodenectomy is the most important type of anastomosis.
Pancreatojejunal sutural insufficiency can develop, however. Once vascular rhexis occurs, massive bleeding follows which then becomes severe and is associated with a fatal course.
Since patients with soft pancreatic tissue and no dilatation of the pancreatic duct have good pancreatic function; secretion of pancreatic juice is also marked, and sutural insufficiency may occur. It seldom occurs when pancreatic fibrosis is severe and the organ is sclerotic or atrophic, as a result of associated pancreatitis.
In the present study, pancreatojejunal insufficiency following pancreatoduodenectomy and countermeasures are discussed.
Subjects and Methods
In 
Results

Frequency of sutural insufficiency
Pancreatojejunal sutural insufficiency occurred in 15 (4.7%) of 318 patients. The condition occurred in 5 (6%) of 83 patients with bile duct cancer, 5 (5%) of 93 with cancer of the papilla of Vater, 2 (2%) of 85 with carcinoma of the pancreatic head, 1 (20%) of 5 with gallbladder cancer, 1 (5%) of 21 with chronic pancreatitis, and 1 (3%) of 31 with papillitis. Six (40%) of the 15 patients with pancreatojejunal sutural insufficiency died during Preoperative coexisting diseases were investigated in the 15 patients with pancreatojejunal sutural insufficiency. The rate of coexistent disease was 47% (7/15); hypertension in 5, tuberculosis in 2, diabetes mellitus in 1, cholelithiasis in 1, gastric ulcer in 1, and gastric cancer in 1 (Table 2) .
Anastomosing method Pancreatojejunal sutural insufficiency occurred in 5 (5.9%) of the 85 patients undergoing end-to-side anastomosis and 10 (4.3%) of the 233 patients undergoing end-to-end anastomosis, but there was no significant difference between the groups treated by end-to-side anastomosis versus those treated by end-to-end anastomosis ( related with the degree of lymph node dissection in 13 patients, excluding only the 2 with chronic pancreatitis or papillitis. The frequencies were 6% (2) of the 33 patients with Do, 1% (1) of the 72 patients with D1, 5% (6) of the 124 patients with D2i and 11% (4) of the 37 patients with D3. Thus the frequency was high in D3 (Table 4) .
Degree of sutural insufficiency
Major leakage with distinct excretion of intestinal juice was observed in 6
patients, and minor leakage could be confirmed by roentgenography or other techniques in 9 (Table 5 ).
Method of confirming sutural insufficiency
The sutural insufficiency could be (There may be more than one method per patient.) confirmed by roentgenography in 11 patients, from high amylase levels in the drainage fluid in 7, from drainage bleeding in 5, and by relaparotomy or autopsy in 4 patients (Table 6 ).
Pancreatic duct diameter
The pancreatic duct diameter was smaller than 4 mm in 10 patients, 5-7 mm in 4, and 8 mm or larger in 1. Thus, the frequency of pancreatojejunal sutural insufficiency was high in the patients who had a nearly normal pancreatic duct diameter (Table 7) .
Consistency of the pancreas
The consistency of the pancreas during the operation was determined. The pancreas was soft in 8, slightly hard in 3, and hard in 4 patients. Thus, the frequency of sutural insufficiency was high in those with soft pancreatic tissue ( Table  8) .
Degree of pancreatic fibrosis Pancreatic fibrosis was absent or mild in 11 and moderate in 4 patients. None of the patients with marked fibrosis of the pancreas developed sutural insufficiency (Table 9 ).
Treatment for sutural insufficiency
Drainage by relaparotomy was performed in 4 of the 6 patients with major leakage, and the other 2 underwent continuous aspiration via an intraperitoneal drain inserted during the operation. In those 6 patients, the major leakage was associated with hepatic and renal failure, intraperitoneal hemorrhage and diffuse peritonitis;
and all of these patients died during hospitalization.
The 9 patients with minor leakage received conserva- Systemically, factors , delaying wound healing are also considered to be involved in the occurrence of this serious complication (Warren et al. 1975) .
The occurrence of pancreatojejunal sutural insufficiency can be suspected from the symptoms; pyrexia, abdominal pain, leukocytosis, and reduced intestinal movement.
A definite factor is the condition of the drainage fluid from the preventive drain. When the drainage fluid is suspected to contain pancreatic juice, the amylase level must be determined immediately for early detection and treatment (Herter et al. 1982) . The amylase level in drainage fluid is usually lower than 1000 units. When the amylase level is higher than this, pancreatic juice leakage may be present. When the amylase level is 5000 units or higher, pancreatojejunal sutural insufficiency should be suspected.
All 7 patients in whom the amylase level in the drainage fluid was determined in this study had at least 1000 units. While the frequency of pancreatojejunal sutural insufficiency was 4.7% (15/318) in the current study, Warren et al. (1975) reported 8.0% (28/348), Herter et al. (1982) 8.8% (9/102), Lerut et al. (1984) 14.5% (15/103), Grace et al. (1986) 18% (12/68), Crist et al. (1987) 14% (13/96), and Matsuno and Kobari (1990) 12.1% (22/182). The frequency in the current study was thus lower than at other institutions. Matsuno and Kobari (1990) When the pancreatic duct becomes narrow and obstructed, pancreatic fibrosis progresses rapidly and is associated with dysfunction of the endocrine and exocrine portions of the pancreas.
The postoperative presence or absence of patency of the pancreatic duct ultimately becomes a factor regulating these endocrine and exocrine functions.
When dysfunction of the endocrine and exocrine portions of the pancreas occurs; digestive enzyme levels become inadequate, and severe disturbances in the absorption of fat, protein and other nutrients appear. Therefore, pancreatic enzymes and digestives should be administered. The endocrine and exocrine dysfunction should be managed similar to the treatment of diabetes mellitus.
Neither end-to-side nor end-to-end anastomosis has frequently been used as an anastomosic procedure, but when dilatation of the pancreatic duct is marked, all methods of anastomosis are possible. Patients in whom the pancreatic duct has narrowed present a special challenge. Gilsdorf and Spanos (1973) who compared the incidence of pancreatic fistulas in 71 patients with end-toside and 17 with end-to-end anastomosis, reported that there was no difference between end-to-side (7%) and endto-end anastomosis (6%). Aston and longmire (1973) noted pancreatic fistulas in 8 of the 44 patients with end-toside and 2 of the 14 patients with end-toend anastomosis, observing no difference between the 2 groups. In the present study, there was no significant difference; the frequency of sutural insufficiency was 6% in end-to-side cases, and 4% in end-to-end cases. With end-to-side anastomosis, the frequency of pancreatojejunomucosal anastomosis has been high in recent times. According to Fueki (1985), and Matsusue (1982) , pancreatojejunomucosal anastomosis is the best procedure from the aspects of the wound healing process, patency, endocrine and exocrine functions of the pancreas, and the frequency of sutural insufficiency. The manipulation of a pancreatojejunomucosal anastomosis is easy in patients with a dilated pancreatic duct, but difficult in those whose pancreatic duct is not dilated and in whom sutural insufficiency may result from a rupture of the pancreatic duct. It is also important to select appropriate suturing materials for pancreatojejunostomy.
The suturing threads used for pancreatojejunostomy in this study were synthetic nonabsorbable sutures with an atraumatic needle, composed of nylon 3-0 and 4-0 threads. Since the pancreatic parenchymal region has abundant blood vessels, hemorrhage from the pancreas and hematoma formation occur with silk threads that are routinely used in needle suturing. These were factors having a negative effect on the outcome of pancreatojejunostomy. Nylon thread has extremely high tensile strength, great distensibility, and very low tissue irritability in the living body (Postlethwait, 1970) . In addition, its surface is smooth and has extremely good tissue permeability, because it is a monofilament.
It displays no capillary phenomenon, and adhesion of blood components is minimal. However, since the surface of nylon thread is smooth, the knot can easily untie. Therefore, a minimum of 3 ligations is necessary. In pancreatojejunostomy, suture thread is also an important factor in preventing sutural insufficiency.
The nearly normal pancreas is particularly soft and has abundant blood vessels.
Nylon thread is recommended for suturing.
Extended operations, such as wideranging lymph node dissection and hepatopancreatoduodenectomy (HPD), have recently been performed to improve the final results. The frequency of sutural insufficiency in relation to the degree of lymph node dissection was higher in D3 patients than in D0, D1 and D2 patients in the present study. According to Konishi et al. (1987) , the frequency with an extended dissection was 11.5% in contrast to 17.4% with the standard dissection. There was no difference attributable to the type of dissection employed; but the mortality rate, once complications occurred, was high with the extended dissection, indicating there was a risk inherent in this type of dissection.
With regard to HPD, Kubota (1993) found that the addition of pancreatojejunostomy influences portal hypertension due to a hepatecto y-inducing congestion and microcirculatory disorders on the jejunal side of the anastomosed site. This delayed wound healing at the anastomosis and led to sutural insufficiency of the anastomosed site with the circulatory disorder at the pancreatic side. Careful surgical manipulation is necessary for pancreatojejunostomy in HPD. 
